The tryptophan content of Clostridium perfringens epsilon toxin was investigated. When the tryptophan content was determined by amino acid analysis after the hydrolysis of epsilon prototoxin with methanesulfonic acid containing 3-(2-aminoethyl)indole and by the spectrophotometric method with N-bromosuccinimide, the number of tryptophan residues was calculated at 1/mol of the protein. Cleavage of the prototoxin or the toxin with N-bromosuccinimide in the presence of urea gave two new fragments on sodium dodecyl sulfate-polyacrylamide gel electrophoresis. There was only a tyrosine residue as the new N-terminal amino acid after the cleavage of the prototoxin or the toxin with N-bromosuccinimide. The data showed that epsilon prototoxin or epsilon toxin contained only one tryptophan residue.
The predominant toxins produced by Clostridium perfringens type D are designated alpha and epsilon (2, 7) . Epsilon toxin is produced in the inactive form (epsilon prototoxin), which is activated by proteolytic enzymes such as trypsin and chymotrypsin (21) . Habeeb (4, 5, 6) reported the extensive purification of epsilon prototoxin and the physicochemical properties of the prototoxin and the toxin. The data showed that the prototoxin consists of one polypeptide chain of 311 amino acids. All amino acid residues except tryptophan (Trp) were analyzed after the hydrolysis of the prototoxin with HCI. Trp residues were determined by the spectrophotometric method with the reagent O-nitrophenyl sulfenyl chloride (NPS) (15) . Habeeb decided that there were 2 Trp residues per mol of the prototoxin. However, because of analytical difficulties, the number of Trp residues should generally be determined by the use of various methods. On the other hand, the lethal activity of epsilon toxin was completely lost upon oxidation of its residue(s) with Nbromosuccinimide (NBS) (unpublished observations). The purpose of this investigation was to determine the number of Trp residues in epsilon prototoxin and epsilon toxin.
MATERIALS AND METHODS
Chemicals. Bovine serum albumin, egg albumin, pepsin, and (x-chymotrypsinogen for the determination of molecular weight (MW) were purchased from Sigma Chemical Co., St. Louis, Mo. Trypsin (L-1-tosylamide-2-phenylethyl chloromethyl ketone treated; type XIII), NPS, and dansyl (DNS) amino acids were also from Sigma. Methanesulfonic acid was from Pierce Chemical Co., Rockford, Ill. 3-(2-Aminoethyl)indole hydrochloride was from Wako Pure Chemical Industries Ltd., Japan. NBS was from Tokyo Kasei Industries Ltd., Japan. N-chlorosuccinimide (NCS) was from Aldrich Chemical Co., Inc., Milwaukee, Wis. DNS chloride was from Nakarai Chemicals, Ltd., Japan. Polyamide sheet was from Cheng Chin Trading Co., Taiwan. All solvents and common chemicals used were of analytical reagent grade.
Isolation of epsilon prototoxin and epsilon toxin. The strain of C. perfringens type D used in this study was NCTC 8346. Procedures for culture (11, 12, 13) , epsilon prototoxin production (9) , and purification of the prototoxin and the toxin (4, 13) were described previously. Gray (3) . Analysis of the hydrolysate of dansylated proteins was performed on polyamide sheets. The second solvent system was used as reported by Woods and Wang (20) .
Protein determinations. The method of Lowry et al. (8) was used, with bovine serum albumin as the standard.
RESULTS
Determination of Trp content of epsilon prototoxin. The amino acid composition of epsilon prototoxin purified from culture supernatant fluid of C. perfringens was determined after hydrolysis with 4 N methanesulfonic acid containing 0.2% 3-(2-aminoethyl)indole (17) . Table 1 shows the number (Table 1) . On the other hand, Habeeb reported that measurements of Trp residues with NPS yielded values of 2 Trp residues per mol of the prototoxin. We also obtained 2 mol of Trp per mol of the prototoxin by the same method with NPS. To obtain further evidence for the number of Trp residues per mole of the prototoxin or the toxin, the determination of Trp residues was performed by titration with NBS (18) . The prototoxin was treated with various concentrations of NBS, and then the decrease in absorbancy at 280 nm (-A280) was measured. Figure 1 shows the relationship between the molar ratio of NBS and the number of modified Trp residues, calculated from values of A280. The number increased with increasing the molar ratio of NBS and finally reached a maximum of six for the molar ratio. The results showed that the prototoxin has 1 mol of Trp per mol of protein.
Cleavage of epsilon prototoxin and epsilon toxin with NBS. NBS has been used for the chemical cleavage of Trp peptide bonds in peptides and proteins (10) . Thus, electrophoretic mobilities of the prototoxin or the toxin treated with NBS in the presence of urea were examined on SDS-polyacrylamide gel electrophoresis. The intact prototoxin and toxin corresponded to MW 37,600 (range, 36,700 to 38,500) and 31,600 (range, 31,100 to 32,100), respectively (Fig. 2) . NBS cleavage of the prototoxin or the toxin produced two new fragments (Fig. 2) . The larger fragments in each protein have an identical mobility corresponding to MW 26,300 (range, 25,300 to 27,200). The smaller of the two fragments from the prototoxin was slightly slower than that from the toxin, corresponding to MW 10,000 (range, 9,900 to 10,100) and 7,800 (range, 7,100 to 8,400), respectively. On the other hand, the largest among three bands of NBS-treated prototoxin or toxin corresponded to the band of each of the intact proteins (Fig. 2) . As reported by Ramachandran and Witkop (10), it appears that the prototoxin or the toxin also was not completely cleaved by NBS. The cleavage of the prototoxin or the toxin with NBS was observed in the presence of urea, but not in the absence of urea (data not shown).
After the oxidation of the prototoxin or the toxin with NCS (16), SDS-polyacrylamide gel electrophoresis of the treated proteins was carried out. The result was the same as that obtained by NBS (data not shown).
Dansylation of epsilon prototoxin and epsilon toxin. In the hydrolysate of the dansylated prototoxin, its Rf in the second solvent system was identical with that of lysine dansylated under the same condition. The data indicated that the prototoxin contains lysine as N-terminal amino acid, as reported by Bhown and Habeeb (1) . On the other hand, dansylation of the NBS-treated prototoxin revealed the presence of DNS-tyrosine (Tyr) in addition to the DNSlysine expected from the N-terminal residue of the original protein (data not shown). On the other hand, dansylation of Table 1) . MW of the prototoxin calculated from amino acid compositions of the protein and determined on SDS-polyacrylamide gel electrophoresis gave values of 35,600 and 37,600, respectively. On the other hand, when calculated from amino acid compositions reported by Habeeb (6), MW was ca. 40,000.
NBS, which has been used for the estimation of Trp in protein, is an extremely reactive reagent of Trp, Tyr, histidine, and methionine (10, 16). Schmir and Cohen (14) reported that the residue of Trp is more sensitive toward NBS in acidic solution than that of other amino acids. Spande and Witkop (18) indicated that the oxidation of residues other than Trp is revealed by increased consumption of NBS by the protein. Moles of NBS added per mole of Trp titrated were 6, indicating the normal requirement in the presence of urea as summarized by Spande and Witkop (18) (Fig. 1) . These findings suggest that the Trp content in the prototoxin can be estimated with NBS under these conditions.
The total MW of two new fragments produced by the cleavage of prototoxin or toxin with NBS was close to the MW of the intact prototoxin or the intact toxin, respectively (Fig. 2) . The results suggest that a single peptide bond in each protein was cleaved by NBS. It has been reported that NBS mainly cleaves Trp peptide bonds in peptides and proteins and slightly cleaves Tyr and histidine (10). Shechter et al. (16) reported that NCS selectively cleaves Trp and methionine peptide bonds. On the other hand, the data presented here suggest that NCS produced the same size of fragments as that produced by the cleavage of the prototoxin or the toxin with NBS. Thus, histidine and Tyr residues seem not to be affected by the treatment of the prototoxin or the toxin with NBS. Their residues may be buried in hydrophobic regions of the protein. The data indicate that a Trp peptide bond in the prototoxin or the toxin was cleaved by NBS and that a small peptide split from the prototoxin by trypsin did not contain Trp residue.
Bhown and Habeeb (1) reported that a small peptide (14 amino acid residues) is split from the N terminus of the prototoxin to give the toxin. The larger fragments produced by the treatment of each protein with NBS were identical, but the smaller was not (Fig. 2) . Furthermore, the difference between the MW of smaller fragments derived from the prototoxin and the toxin was similar to the value of MW of the small peptide reported by Bhown and Habeeb (1) . From the findings, it appears that the smaller fragment derived from the prototoxin has the original N-terminus. On the Fig. 3 .
